Our aim was to test the validity of using the bare spot method to quantify glenoid bone loss arthroscopically in patients with shoulder instability. Methods: Twenty-seven patients with no evidence of instability (18 males, nine females; mean age 59.1 years) were evaluated arthroscopically to assess whether the bare spot is consistently located at the center of the inferior glenoid. Another 40 patients with glenohumeral anterior instability who underwent shoulder arthroscopy (30 males, ten females; mean age 25.9 years) were evaluated for glenoid bone loss with preoperative three-dimensional computed tomography (3D-CT) and arthroscopic examination. In patients without instability, the distances from the bare spot of the inferior glenoid to the anterior (Da) and posterior (Dp) glenoid rim were measured arthroscopically. In patients with instability, we compared the percentage glenoid bone loss calculated using CT versus arthroscopic measurements. Results: Among patients without instability, the bare spot could not be identified in three of 27 patients. Da (9.5±1.2 mm) was smaller than Dp (10.1±1.5 mm), but it was not significantly different. However, only 55% of glenoids showed less than 1 mm of difference between Da and Dp, and 18% showed more than 2 mm difference in length. The bare spot could not be identified in five of 40 patients with instability. Pearson's correlation coefficient showed significant (P,0.001) and strong (R 2 =0.63) correlation in percentage glenoid bone loss between the 3D-CT and arthro scopy method measurements. However, in ten shoulders (29%), the difference in percentage glenoid bone loss between 3D-CT and arthroscopic measurements was greater than 5%. Conclusion: The bare spot was not consistently located at the center of the inferior glenoid, and the arthroscopic measurement of glenoid bone loss using the bare spot as a landmark was inaccurate in some patients with anterior glenohumeral instability. Level of evidence: Level II, prospective comparative study.
Introduction
The degree of glenoid bone loss has a significant impact on the outcome of arthroscopic Bankart repair. [1] [2] [3] [4] [5] [6] [7] [8] [9] Several cadaveric studies have shown that an osseous defect with a width approximately 20% of the glenoid length or 25% of the glenoid width remains unstable even after Bankart repair, and bone grafting is recommended in such cases. 10, 11 Burkhart and De Beer 12 reported that patients with significant glenoid bone loss (more than 25%) had a high recurrence rate (67%) after arthroscopic Bankart repair, whereas patients without significant bone loss had a low recurrence rate (4%). Thus, evaluation of glenoid bone loss is crucial for surgical decision making in patients with anterior glenohumeral instability. Several preoperative imaging studies 2, 5, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] and intraoperative 
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Miyatake et al arthroscopic methods 12, [24] [25] [26] with many different measuring techniques have been proposed to assess glenoid bone loss. For intraoperative evaluation, Burkhart 12, 26 was the first to propose using the glenoid bare spot (GBS) as a reference point during arthroscopic examination. He defined the GBS as always located at the center of the inferior glenoid, and measured the distance from the GBS to the anterior rim (Da) and posterior rim (Dp) using a graduated probe with 3 mm calibrated marks inserted through the posterior portal. Using Burkhart's method, the width of the preinjury glenoid is two times Dp, and the length of the bone loss is Dp -Da. Therefore, the percentage bone loss equals Dp -Da/Dp ×2. However, several authors [27] [28] [29] [30] have questioned this method, claiming that the GBS is not consistently located at the center of the inferior glenoid and/or that the GBS is not always found arthroscopically. Kralinger et al 28 found that the GBS was located approximately 1.4 mm anterior to the true center of the glenoid. Saintmard et al 29 reported finding the GBS in only half of 58 consecutive patients during arthroscopic examination. Recently, Barcia et al 30 reported that the GBS was observed in only 48% of patients undergoing arthroscopic surgery and, when observed, was at the center only 37% of the time.
To investigate the validity of the arthroscopic GBS method, we sought to determine whether the GBS is consistently located at the center of the normal glenoid in patients without instability, and to compare the percentage bone loss as determined by preoperative three-dimensional computed tomography (3D-CT) evaluation and by the arthroscopic GBS method in patients with anterior glenohumeral instability. Our hypotheses were that the GBS is not consistently located at the center of the normal glenoid and that therefore the percentage bone loss calculated by the arthroscopic GBS method will sometimes differ from that obtained by preoperative 3D-CT evaluation.
Materials and methods Subjects
From December 2008 to December 2011, 40 consecutive patients with anterior instability (30 males, ten females; mean age 25.9 years; range 15-72 years) who underwent shoulder arthroscopy were prospectively evaluated for the amount of glenoid bone loss with preoperative 3D-CT and arthroscopic examination. Of these, 37 patients underwent arthroscopic Bankart repair, and three underwent open Latarjet reconstruction. To investigate the location of the GBS in the normal glenoid, 27 patients without instability (18 males, nine females; mean age 59.1 years; range 38-74 years) were recruited. Of these 27 patients, 25 underwent arthroscopic rotator cuff repair. One patient underwent arthroscopic subacromial decompression and another underwent arthroscopic capsular release. None of the patients had any history of pain or injury in their nonoperative shoulders.
cT evaluation
All patients underwent CT scanning of both shoulders preoperatively. The images were taken using a SOMATOM Sensation Cardiac 64 (Siemens AG, Munich, Germany), and conventional volume-rendering 3D-CT images were obtained. A single orthopedic surgeon performed all CT measurements.
CT examinations were performed on the patients without glenoid bone loss, to exclude patients with obviously abnormally shaped glenoids. According to Chuang et al, 23 the glenoid height (H1) is defined as the maximum longitudinal length of the en face view of the uninjured glenoid. The glenoid width (W1) is defined as the maximum length of the inferior glenoid perpendicular to H1 (Figure 1 ). In the operative shoulder, the maximum longitudinal (H2) and transverse (W2) lengths were compared with measurements from the contralateral uninjured shoulder. If the value of W1/H1 was less than 95% or more than 105% of the value of W2/H2, the shape of the glenoid was considered abnormal and the patient was excluded from the study. Patients with obvious deformity such as osteoarthritic change in the uninjured shoulder were also excluded.
To measure the percentage glenoid bone loss in patients with instability, the maximum longitudinal (H2) and transverse (W2) lengths of the injured glenoid were measured in a similar manner ( Figure 1 ). The predicted preinjury 
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Bare spot use in assessing glenoid bone loss width (W2′) of the injured glenoid was calculated with the following formula: W2′ = (W1/H1) × H2. The percentage glenoid bone loss was calculated with the following formula: percentage glenoid bone loss = (1 -W2/W2′) × 100 (%) (Figure 1 ).
Arthroscopic evaluation
Arthroscopic examination was performed in the beach chair position (patients without instability) or lateral decubitus position (patients with instability). According to Burkhart et al's 26 method, the anterosuperior portal was used as the viewing portal. A graduated probe with 2 mm calibrated marks was passed through the posterior portal and placed across the glenoid so that its tip rested on the bare spot. The distance from the center of the GBS to the posterior glenoid rim (Dp) was measured. The probe was then used to measure the distance from the anterior glenoid rim to the center of the GBS (Da) (Figures 2 and 3) . The distance was measured by a 1 mm unit. We compared Dp and Da in patients without instability to determine whether the bare spot is located in the center of the inferior glenoid when no bone defect is present. In patients with instability, percentage glenoid bone loss was calculated using the following formula: percentage glenoid bone loss
Arthroscopic measurements were determined by the consensus of two orthopedic surgeons who have more than 15 years of experience in shoulder arthroscopy.
Statistical analyses
Paired t-test was used to compare Da and Dp in glenoids without bone loss. Pearson's correlation coefficient was used to determine the correlation between the percentage glenoid bone loss as calculated by CT and by arthroscopic measurements. The level of significance was set at P,0.05.
Results
Among the 27 patients with no evidence of instability, the mean percentage of W1/H1 to W2/H2 measured on 3D-CT images was 102%±6.1% (range 93.1%-121.7%). Five patients were excluded from this study because percentage was less than 95% or more than 105% (two patients) or because we could not identify the GBS arthroscopically (three patients). Among 22 patients, the mean Da was 9.5±1.2 mm (range 8∼12 mm) and the mean Dp was 10.1±1.5 mm (range 8∼14 mm). There was no significant difference between Da and Dp (P=0.065). Da and Dp were identical in eight glenoids, Da was greater than Dp in three glenoids, and Dp was greater than Da in eleven glenoids. Four glenoids showed more than 2 mm difference between Da and Dp.
Among the 40 patients with anterior glenohumeral instability, five were excluded because the GBS could not be identified arthroscopically. Of the remaining 35 patients, the mean percentage glenoid bone loss calculated by 3D-CT measurement was 13.6%±9.3% (range 0%-35.4%) and the mean percentage loss calculated by arthroscopic measurement was 15.1%±10.0% (range -5.0% to 31.8%). Pearson's correlation coefficient showed significant (P,0.001) and strong (R 2 =0.63) correlation between the percentage bone loss of these measurement methods. However, ten shoulders (29%) had greater than 5% difference in percentage glenoid bone loss, as determined by 3D-CT versus arthroscopic measurement, and the difference was greater than 10% in five shoulders (14.5%) (Figure 4 ).
Discussion
Our results supported our hypotheses that the GBS is not consistently located at the center of the inferior glenoid without bone loss and that the percentage glenoid bone loss as measured by 3D-CT and by arthroscopic GBS methods 
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Miyatake et al was different in some cases with anterior glenohumeral instability. Burkhart et al 26 arthroscopically measured the distance from the center of the GBS to the anterior and posterior glenoid rim in 56 patients with no evidence of instability, and reported that Da and Dp were almost identical. They also measured Da and Dp in ten cadaver glenoids, and again found identical distances. However, Kralinger et al 28 questioned the validity of using the GBS as a central reference point. They measured Da and Dp in 20 embalmed glenoids and reported that the mean Da (10.9 mm) was significantly shorter than the mean Dp (13.7 mm). In the present study, we arthroscopically measured Da and Dp in normally shaped glenoids. The results demonstrated that Da and Dp were significantly different. Among 22 glenoids, only twelve (55%) showed less than 1 mm of difference between Da and Dp, and four (18%) showed more than 2 mm difference.
To illustrate to what extent the Da-Dp difference influences the calculation of percentage glenoid bone loss, suppose the original glenoid width is 26 mm and glenoid bone loss is 5 mm. In this case, the glenoid bone loss is 19%. When the GBS center is located 1 mm anterior to the true center (Da -Dp = 2mm), the calculated loss is 25%. Although there is no consensus on the percentage glenoid bone loss that is significant for surgical decision making, several basic 10, 11 and clinical studies 2, 4, 8, 9, 12 have suggested 25% glenoid bone loss as the cut-off for bone grafting. If the variability of the GBS location in the present study is found in the general population, and if the surgical procedure is chosen based on the arthroscopic GBS method alone, then bone grafting procedures would be performed on a substantial percentage of patients who should be candidates for arthroscopic Bankart repair.
Chuang et al 23 investigated the validity of 3D-CT measurement on the choice of surgical procedure for patients who underwent arthroscopic Bankart repair versus open Latarjet reconstruction, based on this arthroscopic method. They reported that 3D-CT scans accurately predicted arthroscopic decisions in 24 (96%) of 25 cases. However, they did not describe the exact values of percentage glenoid bone loss with the arthroscopic GBS measurement. Therefore, the difference between the percentage glenoid bone loss as determined by arthroscopic versus 3D-CT measurements is unknown. In the present study, the results of the percentage glenoid bone loss measured by 3D-CT and arthroscopic GBS methods were strongly correlated. However, a difference of more than 5% between the methods was found in ten glenoids (29%), and the difference was greater than 10% in five glenoids. In most cases, the arthroscopic GBS method overestimated the percentage glenoid bone loss. Detterline et al 24 created 12.5% and 25% bone loss in seven embalmed cadaveric shoulders 
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Bare spot use in assessing glenoid bone loss and measured the percentage glenoid bone loss by the arthroscopic GBS method. They reported that the arthroscopic GBS measurement showed greater percentage glenoid bone loss compared with actual bone loss (22.2% and 30.4%, respectively). The GBS method's overestimation of bone loss shown in Detterline et al's 24 study and in the present study is partly explained by the fact that the GBS is located anterior to the true center of the inferior glenoid in many cases.
Several studies [29] [30] [31] have indicated that it is not always possible to identify the GBS. Huysmans et al 31 reported that the GBS could not be identified in five of 40 cadaveric scapulae (12.5%). Saintmard et al 29 prospectively investigated the presence of the GBS in 58 consecutive patients and could find the GBS in only 28 patients (48%). They concluded that the GBS is an unreliable landmark to determine the center of the inferior glenoid because it was present in only half of the shoulders studied. Barcia et al 30 reported that the GBS was observed in only 48% of the patients undergoing arthroscopic surgery of the shoulder without a diagnosis of instability. They also concluded that the GBS should not be used as the sole reference point to measure glenoid bone loss. In the present study, the GBS could not be identified in five of 40 glenoids with anterior glenohumeral instability (12.5%). Two of these five patients underwent open Latarjet reconstruction because the preoperative 3D-CT showed more than 25% glenoid bone loss. Both patients had a long history with multiple dislocations. Precise evaluation of glenoid bone loss should be performed, especially in patients with similar histories. However, if surgeons rely on the arthroscopic GBS method and perform arthroscopy without preoperative 3D-CT evaluation, they are likely to choose the wrong surgical procedure in some cases.
In our experience, the arthroscopic probe did not always intersect the GBS when the tip of the probe was located at the center of the anterior-inferior bony defect through the posterior portal. Although Burkhart et al 26 recommended a more inferior placement for the posterior portal than standard placement, Detterline et al 24 reported that the arthroscopic probe did not always intersect the GBS, regardless of whether the posterior portal was placed at the 10 o'clock or 9 o'clock position. Moreover, the GBS was sometimes identified not as circular but rather as broad and irregularly shaped. In these cases, it was difficult to determine the true center of the bare spot.
Limitations
The present study had some limitations. First, the mean age of patients without shoulder instability was substantially higher than that of patients with anterior glenohumeral shoulder instability. However, Burkhart et al 26 reported that the bare spot was located in the center of the inferior glenoid in cadaver shoulders with a mean age of 76 years, as well as in younger living subjects.
Second, we did not investigate our measurement reliability of the arthroscopic GBS method. Intrarater reliability is difficult to determine in patients, and arthroscopic measurements were performed by the consensus of two orthopedic surgeons who had substantial experience in shoulder arthroscopy.
Third, the two orthopedic surgeons who performed the arthroscopic GBS method were not blind to the results of CT evaluation prior to surgery.
Finally, we did not evaluate the role of magnetic resonance imaging (MRI) in the measurement of glenoid bone loss. To avoid radiation exposure, MRI is preferable if the ability of MRI for assessing the glenoid bone loss is comparable with that of 3D-CT. However, whether MRI can be an alternative for this purpose is still the matter of debate. [32] [33] [34] [35] In our experience, we believe that 3D-CT is superior to MRI for evaluating glenoid bone loss.
Conclusion
The bare spot is not consistently located at the center of the inferior glenoid, and the arthroscopic measurement of glenoid bone loss using the GBS as a landmark may not be accurate for some patients. To evaluate glenoid bone loss precisely, it is preferable to combine the bare spot method with preoperative 3D-CT evaluation.
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